Since it has become accepted that a proportion of peripheral blood lymphocytes in man and other species, under mitogenic or antigenic stimulation in short-term culture, have the capacity to undergo morphological and metabolic changes prior to division (Nowell 1960 , Elves et al. 1963 ), attention has focused on lymphocyte responsiveness in immunological deficiency states, both primary and secondary.
The evidence points to the responsive cells being thymus dependent in man (August et al. 1968 ) and certainly to some extent thymus derived in mice (Davies et al. 1968 ).
The work to be described here was done on 64 normal subjects, 20 patients with Hodgkin's disease, 24 with chronic lymphocytic leukemia (CLL) and 13 with other lymphoproliferative disorders. The assessment of response was morphological and the technique has been published in full (Pentycross 1968a) . The technique was designed to achieve a rigidly standardized procedure.
Normal Controls
The range, in normal people, of percentage lymphocyte transformation after 72 hours' culture with PHA, was 36-60%, with the exception of some adolescents and young adults, especially females, where much lower scores were sometimes observed. This is an important finding when considering patients with Hodgkin's disease, since many such patients fall within these younger age groups.
Hodgkin's Disease This is a disease in which the outstanding immunological defect is anergy in respect of delayed hypersensitivity reactions, and this anergy occurs early in the disease (Aisenberg 1965) .
On the other hand, immunological mechanisms may well play a part in controlling this disease. For instance, Crowther et al. (1967) have demonstrated large cells synthesizing DNA, as well as plasma cells, in the peripheral blood of patients with Hodgkin's disease, similar to those found in people with infection, rheumatoid arthritis and after immunization. It has also been shown by Franssila et al. (1967) , among others, that a histological picture of lymphocyte predominance in affected nodes is associated with a much better prognosis than one of lymphocyte depletion.
The results of in vitro lymphocyte transformation studies (in response to phytohmmagglutinin, PHA) in patients with Hodgkin's disease show some discrepancies between different workers, although all agree that PHA-induced transformation is reduced at least in some patients at some stage of the disease. The discrepancies concern associations with lymphopenia, staging and treatment. Thus, Hersh & Oppenheim (1965) claim that transformation is reduced proportionately to the stage of the disease, but a more recent communication from Han & Sokal (1969) only finds an association with irradiation or combined therapy.
In our studies, which have been published elsewhere (Lawler et al. 1967 ), responses were extremely variable, some being very low and others within the normnal range.
Fig 1 shows that there was a partial association with staging in that low transformation scores occurred in advanced stages. It will be noticed, however, that normal scores occurred throughout the stages. The staging is that of Peters (1950) modified by Kaplan (Karnofsky 1966) . The expressed score for each patient is, in fact, the mean of two or more scores, assessed on different occasions. The discrepancies between two separate scores for individual patients were, with one exception, less than 10%. Neither in the discrepancies nor in the results as a whole could an association be made with the clinical state of the patients, their ages or therapy. However, patients who had had radiotherapy within the previous three months were omitted from these studies, since it has been noted by Millard et al. (1965) and others that recent extensive radiotherapy may be associated with in vitro unresponsiveness of lymphocytes. From the evidence presented here, it is difficult to attribute a precise clinical significance or diagnostic value to lymphocyte responses in Hodgkin's disease.
Chronic Lymphocytic Leukwmia (CLL) This is another condition involving loss of immunological efficiency, albeit of a different type. Many infections may occur during its course, some very severe, possibly leading to death. There is a progressive fall in Ig globulin (Fairley & Scott 1961) . Depressed responses occur to various forms of antigenic challenge both primary and secondary (Creysell et al. 1958 , Shaw et al. 1960 , Barr & Fairley 1961 , Miller et al. 1961 .
It has been demonstrated that lymphocytes from patients with CLL respond poorly to mitogenic challenge when compared with those from normal people, and that the higher the peripheral blood lymphocyte count, the lower the response (Bernard et al. 1964 , Winter & Yoffey 1964 , Oppenheim et al. 1965 , Hayhoe et al. 1967 ). There is, however, some evidence that CLL lymphocytes will transform eventually; they may be regarded as 'slow responders' (Bouroncle et al. 1968 ).
My findings accord with those of others, but I have attempted to assess their clinical significance. Fig 3 illustrates the inverse relationship between lymphocyte count and transformation score; the counts have been grouped. It should be noted that where the counts are very high (over 100,000/ mm3) the transfoimation scores, although low when considered as a percentage, may be actually higher in terms of total transformation per unit volume than in normal people. It should also be noted that, however low the peripheral blood count following therapy, normal transformation scores are never achieved. There was no correlation with therapeutic measures taken.
The transformation studies, therefore, seem to indicate that there is, in CLL, a residual population of normal cells, and that therapy, although preferentially eliminating the abnormal cells, to some extent removes the normal ones. Thomson et al. (1966) have attempted to separate the two populations by passing them through a polystyrene bead column, showing that the cells which passed through the column had more of the attributes of normal lymphocytes. Their results, however, might equally support the concept of a normal population of cells gradually becoming inert as they accumulate, so it may be erroneous to think in terms of two clearly demarcated populations.
Other Lymphoproliferative Disorders
These comprised lymphocytic lymphoma, lymphosarcoma, giant follicle lymphoma and reticulum cell sarcoma. These will be considered together.
Some had low transformation scores, others, in contrast to all CLL patients, had normal scores. Therapy seems to have played a part in producing low scores, in that scores tended to be diminished when extensive therapy with radiation or steroids, or a combination of these, had been used.
Conversely, normal scores occurred in those cases where therapy had been minimal or had consisted only of chlorambucil. It must be stressed at this point that there were no drugs in thecultures and that the counts were standardized.
A full account of transformation studies in CLL and these other disorders has been given elsewhere (Lawler et aL 1968) .
Immunization Studies
Some normal controls and patients with CLL, and miscellaneous lymphoproliferative disorders (excluding Hodgkin's disease) were immunized with various antigens (poliomyelitis, pertussis, diphtheria and tetanus toxoid) and Ig globulins as well as in vitro lymphocyte responsiveness to PHA assessed before and after immunization. Reticulum cell sarcoma, 530 630 follicularlymphoma, lymphosarcoma account of this work has been given by Pentycross (1968b) . Table 1 shows that immunization produced an increase in PHA responsiveness in normal controls and patients with all types of lymphoproliferative disorder. There was a total (as well as percentage) increase, since the counts were relatively stable during this short period. However, Table 2 shows that, although normal people and patients with lymphoproliferative disorders other than CLL showed an increase in IgG levels after immunization, there was actually some reduction in CLL patients. These tables seem to illustrate that, in CLL at least, the connexion between lymphocyte in vitro unresponsiveness and in vivo immunological deficiency is not a simple direct one.
Impaired Lymphocyte Response in Primary Biliary Cirrhosis
Primary biliary cirrhosis is a rare condition predominantly affecting middle-aged women. It is characterized by chronic cholestasis with an average duration of 6-7 years from onset of symptoms to death. Numerous serological abnormalities have been reported, including elevation of serum IgM (Feizi 1968) and the presence of abnormal antibodiesantiductular antibody, antinuclear factor, rheumatoid factor and the mitochondrial antibody (Walker et al. 1965) . These findings together with the histological appearances have suggested an autoimmune etiology. At present these antibodies cannot be implicated in the pathological processes and are thought to be markers of tissue damage.
In 1965 Rubin et al. reported the presence of granulomas in the portal zones in primary biliary cirrhosis. These have since been shown to be closely related to the bile ducts (Levy et al. 1965) and Popper et al. (1965) have suggested that the granuloma represents a chronic delayed hypersensitivity reaction against bile ductular epithelium or a substance released from the bile duct. This finding of a granulomatous reaction in primary biliary cirrhosis has led us to investigate in vitro lymphocyte transformation and normal mechanisms of delayed hypersensitivity, since it is well known that there may be abrogation of these mechanisms in some granulomatous diseases such
